Boric acid, although not widely used as a urine preservative for biochemical analysis, has been used for over 20 years to preserve urine prior to microbiological testing and concentrations of up to 20 giL have been recommended for this purpose.' Older textbooks also recommend boric acid for preservation of urine before chemical analyses where bacterial metabolism is likely to invalidate the results. Boric acid has few health and safety risks, unlike thiomersal and sodium azide which are very toxic or hydrochloric acid which must be present in sufficient quantity to reduce the pH below 2' 0 in order to prevent bacterial growth. Use of hydrochloric acid in this way is associated not only with risk to patients and volunteers but with precipitation of nitrogen compounds, protein and uric acid, rendering specimens unsuitable for these analyses.
Boric acid was used as a preservative for 24 h urine collections in a large epidemiological study of sodium excretion in more than 50 population samples from 32 countries.s Fifteen grams boric acid was added to each one litre urine collection jar given to volunteers, and 5 g to spot urine collections. In another study, concentrations of 5 g boric acid per two litre collection bottle were used for the preservation of 24 h urines in clinical and epidemiological studies, verified for completeness using the PABAcheck urine marker. 3 However, we recently found that when random urines which supposedly contained boric acid at a concentration of up to 5 giL were analysed on a RA 1000 analyser using the Technicon urea reagent employing urease (Bayer Diagnostics UK Ltd, Basingstoke, UK),4 they either produced results lower than theose obtained by the SMAC analyser (diacetyl monoxime)" or failed to produce results because the reaction kinetics were non-linear. It was subsequently found that excessive amounts of boric acid had been added to the containers, resulting in boric acid concentrations varying from 10-15 giL. When these concentrations of boric acid were added to fresh random urine samples there was an average 14010 decrease in the urea concentration measured by the RA 1000but no effect upon the urea results measured by the SMAC.
To investigate this further, boric acid was added to fresh pooled urine at concentrations of between 0 and 20 g/L and the specimens were analysed on the RA 1000 and with a manual urea reaction employing urease (Sigma Chemical Company Ltd, Poole, UK). 6 Figure 1 shows the effect of boric acid upon the measured urea concentrations by the two methods (the RA 1000 results for specimens containing more than 3 giL boric acid were calculated manually from the absorbance values because of the non-linearity error messages caused by a delayed lag phase). Inhibition of the RA 1000 method is apparent above boric acid concentrations of 2 giL and inhibition of the manual method occurs at concentrations above 10 giL. Further addition of boric acid resulted in progressively lower results. Similar data were also obtained when boric acid was added to aqueous urea solutions; the amount of inhibition was not dependent upon the concentration of urea. Boric acid had no effect upon the urine creatinine results using an alkaline picrate method. The method used on the RA 1000 is a first order kinetic assay employing jackbean urease (final concentration > 7900 UIL at 25°C). The ammonia formed reacts with 2-oxoglutarate and NADH in the presence of glutamate dehydrogenase, the decrease in absorbance at 340 nm being proportional to the concentration of urea. The manual method is an endpoint assay employing jackbean urease (final concentration: 2777 U/L). The ammonia formed is determined by reaction with alkaline hypochlorite and phenol in the presence of sodium nitroprusside as catalyst to produce indophenol, the absorbance of which is measured at 570 nm.
Since these assays use different methods for estimating the ammonia produced by the urease reaction we deduce that the boric acid is inhibiting the urease enzyme. However, it is interesting that the manual assay which uses a lower concentration of urease and a higher concentration of urine (one in 600 final dilution compared with one in 1111 in the RA 1000 assay) is inhibited less Ann Clin Biochem 1993: 30 by boric acid than is the RA 1000 assay. This suggests that the glutamate dehydrogenase reaction may also be inhibited by boric acid.
We recommend that boric acid is not added to urine at concentrations above 2 giL for the analysis of urea by methods employing urease. The amount of inhibition is likely to vary with individual methods and may affect enzymatic methods of analysis of other analytes,
